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DETAILED ACTION 

This office action is in response to the amendment filed November 28, 2005. 

Claim Rejections - 35 USC § 103 

The text of those sections of Title 35, U.S. Code not included in this action can be found 
in a prior Office action. 

Claims 15-20, 22, 23, 27, 28, 33-38 and 40-44 are rejected under 35 U.S.C. 103(a) as 
being unpatentable over Bai et al. (US 6,166,417, previously cited) in view of Matsuse et al. (US 
6,861,356, previously cited). 

Regarding claim 15, Bai discloses depositing a gate dielectric layer (120) over first and 
second regions (105/1 15) of a substrate, depositing a barrier layer (125) directly over the gate 
dielectric layer such that it overlies both the first and second regions, and forming first and 
second gate electrode layers (130/135) over the first -and second regions, respectively (col. 3, In. 
17 - col. 4, In. 64). Bai discloses that the first and second gate electrode materials may be made 
of nickel, ruthenium oxide or ruthenium (col. 1, In. 41-53; col. 4, In. 3-9; col. 4, In. 42-53). Bai 
states that the function of the barrier layer is to "inhibit interaction between the gate dielectric 
and the gate electrode." Thus, the barrier layer must be able to keep metal atoms in the gate 
electrode from diffusing into the underlying gate dielectric. 

Bai does not disclose by what method the gate dielectric layer and barrier layer may be 
deposited. Like Bai, Matsuse discloses depositing a gate barrier layer onto a gate dielectric 
layer. Matsuse teaches that it is advantageous to use atomic layer deposition (ALD) to deposit 
the gate dielectric layer and barrier layer because the ALD process allows the layers to be more 
densified than they would be if deposited by other methods and also allows the layers to be 
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formed such that they are ultra-thin (Fig. 13A; col. 7, In. 8-13; col. 19, In. 20-52). Matsuse does 
not disclose that the barrier layer is a nanolaminate. At the time of the invention, it would have 
been obvious to one of ordinary skill in the art to form the gate dielectric layer and barrier layer 
of Bai using an ALD process because Matsuse teaches that using ALD provides the benefits of 
forming densified, ultra-thin layers. 

Regarding claim 16, Bai discloses that one of the regions is a PMOS region and the other 
region is anNMOS region (col. 3, In. 8-16). 

Regarding claim 17, Bai discloses the first and second gate electrode layers are adjacent 
(Fig. 7). 

Regarding claim 18, Bai discloses that the first gate electrode layer includes a first gate 
electrode material and the second gate electrode includes a second gate electrode material (col. 3, 
In. 55-65; col. 4, In. 41-53). 

Regarding claims 19 and 20, Bai discloses that if the first gate electrode is made of N- 
type material, the second electrode will be made of P-type material, and vice- versa. The first 
gate electrode material may include nickel or ruthenium oxide if the material is to have the work 
function of a P-type doped semiconductor or may include ruthenium if the material is to have the 
work function of an N-type doped semiconductor. The same is true for the second gate 
electrode. Hence, the first and second gate electrodes will be made of different conductive 
materials. See col. 1, In. 42-54; col. 3, In. 55 - col. 4, In. 9; col. 4, In. 41-53). 

Regarding claim 22, Bai discloses that one of the gate electrodes may be made of a metal 
nitride (MoN) (col. 1, In. 41-53). 
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Regarding claim 23 , Bai discloses that the barrier layer may be TiN or TaN, both of 
which are conductive material (col. 3, In. 51-54). 

Regarding claims 27 and 28, Bai discloses that the barrier layer has a thickness of 5 - 200 
' (col. 3, In. 36-37). 

Regarding claim 33, Bai discloses depositing a layer of first gate electrode material (130 
or 135 can be considered "a first gate electrode layer") over the first and second regions of the 
substrate (Fig. 4 and 6). 

Regarding claim 34, Bai discloses removing the first gate electrode material from over 
the second region without removing the underlying barrier layer (Fig. 5 and 7). 

Regarding claim 35, in the event that the material 135 is considered to be the first gate 
electrode material, Bai discloses that the first gate electrode material is removed from over the 
second region by chemical mechanical polishing (col. 4, In. 55-64). 

Regarding claim 36, Bai discloses depositing a layer of second gate electrode material 
(130 or 135 can be considered "a second gate electrode layer") over the first and second regions 
of the substrate (Fig. 4 and 6). 

Regarding claim 37, in the even that the material 130 is considered to be the first gate 
electrode material, Bai discloses that the first gate electrode material is removed from over the 
second region by differential etching (col. 29-33). 

Regarding claims 38 and 41, Bai discloses depositing a layer of second gate electrode 
material (130 or 135 can be considered "a second gate electrode layer") over the first and second 
regions of the substrate and removing the second gate electrode material from over the first 
region without removing the underlying barrier layer (Fig. 5, 7 and 8). 
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Regarding claim 40, Bai discloses etching the barrier layer over portions of the second 
region to a thickness of 0 Angstroms (Fig. 8). 

Regarding claim 42, Bai discloses depositing a dielectric layer (120) over first and second 
regions (105/1 15) of a substrate, depositing a barrier layer (125) directly over the dielectric layer 
such that it overlies both the first and second regions, depositing a first gate electrode material 
(130 or 135) over the first and second regions, removing the first gate electrode material from 
over the first region without removing the barrier layer, depositing a second gate electrode 
material (135 or 130), and defining a first and second electrode in the first and second regions. 
Bai discloses that the first and second gate electrode materials may be made of nickel, ruthenium 
oxide or ruthenium (col. 1, In. 41-53; col. 4, In. 3-9; col. 4, In. 42-53). 

Bai does not disclose by what method the gate dielectric layer and barrier layer may be 
deposited. Like Bai, Matsuse discloses depositing a gate barrier layer onto a gate dielectric 
layer. Matsuse teaches that it is advantageous to use atomic layer deposition (ALD) to deposit 
the gate dielectric layer and barrier layer because the ALD process allows the layers to be more 
densified than they would be if deposited by other methods and also allows the layers to be 
formed such that they are ultra-thin (Fig. 13 A; col. 7, In. 8-13; col. 19, In. 20-52). Matsuse does 
not disclose that the barrier layer is a nano laminate. At the time of the invention, it would have 
been obvious to one of ordinary skill in the art to form the barrier layer of Bai using an ALD 
process because Matsuse teaches that using ALD provides the benefits of forming densified, 
ultra-thin layers. 

Regarding claims 43 and 44, Bai discloses that the barrier layer may be a ternary complex 
(TaSiN) (col. 3, In. 51-54). 
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Claims 29-32 are rejected under 35 U.S.C. 103(a) as being unpatentable over Bai et al. in 
view of Matsuse et al. as applied to claim 15 above, and further in view of Pomarede et al. (US 
20020098627, previously cited). 

Regarding claims 29-32, Bai discloses that the gate dielectric layer may be a high-k layer, 
but Bai does not disclose a method of forming the dielectric layer, nor treating the dielectric 
layer to remove OH groups. Pomarede teaches that it is advantageous to treat a layer such as a 
high-k gate dielectric layer with a mixture including ammonia (nitrogen-hydrogen) plasma and 
nitrogen radicals upon which subsequent layers will be deposited (para. 84-90). This process 
inherently replaces OH groups on the surface of the high-k dielectric layer with nitrogen atoms. 
Pomarede states, "By changing the surface termination of the substrate [high-k dielectric] with a 
low temperature radical treatment, subsequent deposition is advantageously facilitated without 
significantly affecting the bulk properties of the underlying material." (Abstract). At the time of 
the invention, it would have been obvious to one of ordinary skill in the art to treat the surface of 
the gate dielectric film of Bai as is taught by Pomarede because Pomarede teaches that it is 
advantageous to change the surface termination of a high-k gate dielectric film that will have 
additional layers subsequently deposited thereon. 

Claim 39 is rejected under 35 U.S.C. 103(a) as being unpatentable over Bai et al. in view 
of Matsuse et al. as applied to claim 15 above, and further in view of Chang et al. (US 6,660,630, 
previously cited). 

Regarding claim 39, Bai does not disclose depositing a layer of conductive material over 
the first and second gate electrode layers. However, as is disclosed by Chang, it is necessary in 
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the fabrication of semiconductor devices such as that of Bai, to deposit multi-layered conductive 
interconnection structures above the gates of a semiconductor device in order to provide required 
wiring to the gates of the device (col. 1, In. 34-65). Such structures are well known in the art. At 
the time of the invention, it would have been obvious to one of ordinary skill in the art to deposit 
conductive material over the first and second gate electrode layers of Bai for the purpose of 
forming a multi-layered interconnection structure that connects the gate with upper-level wiring 
because such structures are necessary to the function of the gate and are well-known in the art. 

Response to Arguments 
Applicant's arguments filed November 28, 2005 have been fully considered but they are 
not persuasive. 

Regarding the rejection of claims 15 and 42 as being unpatentable over Bai in view of 
Matsuse, Applicant argues that Matsuse allegedly teaches that using ALD to deposit a barrier 
layer is limited to use only under certain metal layers. There is no disclosure in Matsuse that 
states or suggests that ALD should be used to deposit a barrier layer only under particular type of 
metal. Bai teaches forming a barrier layer under gate electrode layers that may include nickel, 
ruthenium or ruthenium oxide. Hence, Bai meets that limitation in claims 15 and 42. Matsuse 
teaches that it is advantageous to form a gate dielectric layer and a barrier layer that may be used 
in a gate electrode structure by an ALD method because the ALD process allows the layers to be 
more densified than they would be if deposited by other methods and also allows the layers to be 
formed such that they are ultra-thin - both of these advantages having NOTHING to do with the 
type of gate electrode material that may be deposited on top of it. Therefore, the rejections of 
claims 15 and 42 as being unpatentable over Bai in view of Matsuse are maintained. 



Application/Control Number: 10/601,037 
Art Unit: 2822 



Page 8 



Conclusion 

THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 
policy as set forth in 37 CFR 1 .136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO 
MONTHS of the mailing date of this final action and the advisory action is not mailed until after 
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 
CFR 1 136(a) will be calculated from the mailing date of the advisory action. In no event, 
however, will the statutory period for reply expire later than SIX MONTHS from the mailing 
date of this final action. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Christy L. Novacek whose telephone number is (571) 272-1839. 
The examiner can normally be reached on Monday-Thursday and alternate Fridays 7:30-5:00. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Zandra Smith can be reached on (571) 272-2429. The fax phone number for the 
organization where this application or proceeding is assigned is (571) 273-8300. 
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Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 

CLN 

February 3, 2006 




Michael Trlnii 
Primary Examiner 



